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Th 0 ourpose of the investigation was to determine the temperature 
distribution and velocity orofile surrounding the wake of a 1600 pound 
thrust lionid rocket ~>otor. The temperature measurements were re- 
stricted to those 600°F and below. Tho velocities measured wore in 
the ration in V7hich the temperature measurements were made. 

The region in which the temperatures exceeded 500°F was found 
to be included within a solid angle of ten degrees. The high tempera- 
turo region was found to bo larger then the high velocity region. 

The investigation was carried out during the academic year 1946- 
1947 at GALCI? dot Propulsion Laboratory under the supervision of 



Dr. Fobort H. Boden, 



L.TSD ACTION 



The jot of gases fror. a de Laval noasslu ha 3 boon extensively 
studied by u number of i nve a ti gators* These studies were primarily 

1 ini tod to the shock wave characteristics in the super sonic flow. 
Optical methods have boon developed to show the variation of density 
in the jet. however# littlo experimental work >ias boon done to deter- 
mine tha velocity# pressure, and temperature in the jet and in the 
regions surrounding the high velocity puses. 

The object of this investigation was to measure the velocity and 
temperature distribution in the region surrounding the high velocity 
luminous gases. 

The measurements wero carried out at GaLCIT in the Jet Propulsion 
Laboratory during the academic year 1946-47 under the supervision of 



Dr. Robert Boden, 



2 , 
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The liquid rockets which v/o~o ran for per ‘ormanco data with 
various fuel specifications wore of the regono ratively cooled type 
developing a 1500 pound thrust. The rocket motors were all mounted 
on the sane thrust carriage and the structure of tho pit surrounding 
the rockets remained essentially the sano for all of the runs. The 
rocket motors were mounted horizon tally as shown in Fig, 1. Figs, 

1 and 2 show tho irregular nature of tho area into v/hich the rockot 
was firod. 

Tho radiation thermocouples which were used to make the tempera- 
ture survey wore of tho iron-constantan type. Instructions and a 
schematic drawing of tho type used may be found in Fig. 3. The 
thermocouples were used in connection with a Brown Potentiometer which 
had 16 outlets. The potentiometer could record the 15 different tem- 
peratures at a rate of one a second if the temperature at each thermo- 
couple were constant. Fig, 5 is a photograph of this Brorei Potent io- 
moter. A raok made of pipe and angle iron was built to hold the ther- 
mocouples in position as shown in Fig. 5. 

To reduce tho effect of radiation, a shield was built to protect 
a thermocouple from the flame of hot gases. Fig. 6 is a schematic 
representation of the shield used to produce this effect. 

A Leeds and Northrop portable optical Pyrometer, No. 8622, was 
usod to determine the flame temperature of the luminous flame. Tho 
circuit of this pyrometer appears in Fig. 7. 



3 . 



A s -agnation temperature probe which doubled as a shielded ther- 
mocouple ms mounted on the rack as shown in Fig. 6. Fig. 8 is a 
photostatic copy of the production drawing for the stagnation probe. 

The Prandtl Pitot tube was solocted as best suited for the velocity 
survey because of its yaw characteristics as shown in Fig, 9. Fig. 10a 
and Fig. 10b are copies of the production drawings for the Prandtl 
tube. Because of the high temperatures to which the tubes wore to be 
subjected# the joints were all silver soldered. The Pitot tubes were 
mounted upon the thermocouple rack six inches apart# (Fig. 5). One- 
quarter irch copper tubing was used to connect the Pitot tubes with 
the tubes of the multiple manceneter board. 

The multiple manometer board (Fig. 11 ) consisted of 12 "U" tubes 
half filled with alcohol. The alcohol was dyed red to improve its 
photographic characteristics. The board was mounted upon a frame of 
angle iron which could be bolted in throe tilting positions (90°# 

30°# and 14.5°). To reoord the manometer tube displacements, a 35 nm. 
movie camera was mounted on the manometer frame. Two reflector type 
photo flood lamps# mounted as shoY/n in Fig. 11, provided the illumin- 
ation. 

To measure the velocities close to the motor within tho firing 
pit# a re~x>te control variable oositio n Prandtl tube was built 
(Fig. 12). small synchro was placed inside of a metal box with a 
shaft protruding through the top to which the Prandtl tube was mounted 
(Fir. 13), Thu control synchro and power source for the variable 
position Pitot tube can be seen in Fig. 14. This control station 
was inside the observation room of the pit. Fig. 15 is. the electrical 
circuit for the oontrol of tho variable position Pitot. The pressures 
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from this remote controlled Pitot tube wore ncasured with the s ail 
incl i nod nanometer , Pig. 16. 

?he luminous :ortio of the jet was ohotogrnnhed with an hastran 
high u >ood 16 n. no vie camera. Yhe cpjnera was capable of taking 
o,)00 frames a second and was ran at too speed for these photographs. 
Two portio _s of the flame wore studied] (l) the region just aft of 
J e nozzle; (2) the region in wnich the luminous x'lamo ends. 
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The rocket motors wore run primarily for performance information. 
The tmncrature and velocity/ survey of this report was added after 
the performance series had been started. 

(1) *n initial survey to determine the suitability of an iron- 
os nstantan thermocouple was made durinr test runs &os. IB, 19, 30, 21, 
22, 24, 21? , 26, 27 and 29. The lap; in temperature response was 
measured during those runs. 

(2) An atterpt was made to protect the thermocouple from the 
direct radiation of the flame and to determine tho effe ctivenesa of 
a shield during run bos. 23, 29, 30, 31, 32, 33, 34, and 35. 

(o) A Prandtl Pitot-static tube was placod in tho field to 
determine the oossibility of using that tube for the velocity survey 
during runs bos. 37 and 33. 

The initial runs demonstrated that the instruments selected could 
bo used to obtain the objectives. A r&clc v/as made upon which 11 thermo- 
couples and 12 Pitot tubes were mounted. The Brown Potentiometer 
was available in the pit and the inclined manometer board was built 
so that velocities over a wide rnnre could be determined. 

The rack was placed perpend! cu lar to the longitudinal axis of the 
motor at five stations behind the motor. The five stations W3re 26.5, 
24.5, 22, 19 and 16 feet aft of tho motor nozzle. The rack wa3 go 
oriented for runs 73 to 93 inclusive. For runs 95 to 98 the rack 
was placed at a 57° angle so that the direction of the ve loci ty could 
be determined. The temperature survey within six foot of the motor 



was cample tod by placing th 1 " raV. araliul tfith the longitudinal axis 
of the not or during runs 99 and 100. 

stagnation temperature was determined by olacing tho stagna- 
tion pro bo on tho rack for runs 95 to 90 inclusive. 

The remote control fitot tuba was placed inside the oit close 
to the riotor to measure tho velocity profile there during runs 34 to 
93 inclusive. 

Die investigation -was extended to tho flame characteristics with 
the use cf the heeds and Northrop Optical pyrometer and an ..astraan 
high speed movie camera. Tho optical pyrometer was held 10 feet aft 
of the motor and 10 feet from the axis of the flame. From this 
position the pyrometer was sighted upon the flame six feet aft of tho 
nozzle. The high 3peed camera was set up to take ko da chrome pictures 
of the exit of the motor during run :i o. 34. Black and .vhite pictures 
of the end of the flane were taken during run ^o. 85. Tho camera 
was 10 feet from the flan© during run Ho. 84 and 45 feet from the 
fl*ne during run Ho. S5. 
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Q) blpc 5.; the" iocou^I V/* :>n ev'^sed tc * i ir tcmerature 
requin => tine to ri^oh that temp »r ntu •©. **1/. 1* is the response of 

the tl 'jrroccvv'les r'-ich v/cro used 1** t 1 is irves t\ k in 11. The data 
for tMs curve was cbtai ied from runs to?. If to 2d •■ hov.i in Table 
I (a) to l(j). It *.ms realised that tho response of the thermocouple 
7.T3LS faster when the change in temperature was email vx/^parod with the 
ambient air terror, rature. 

(2) The shield about the thermocouple reduced the temperature 
riso and also produced a much slower temperature rise as is indicated 
in /ir. lu, 

(3) Thu tempo rature surveys taken 2G.5, 24.5, 22, 1 : and 16 
feet aft of the motor are plotted, Pigs. 19a to 25a and 24a and b, 

as temperature riso versus radial distance fron the center line of the 
axis of the flame. The rise in temperature was in each case corrected 
for tire lag by the use of the thermocouple Response Curve, ?i*. 17. 

The data is quite consistant considering the variations caused by 
grinds and that the mixture ratio was seldom repeated, nov/ever, the 
temperatures measured by the thermocouples are not necessarily the 
air temper aturos , "since the air is relatively transparent to radiation. 
The thermocouples reached equilibrium after sixty seconds which 
indicates that they were losing as much energy via conduction along 
the leads, convection to the air, ar,u tho radiation lossos as they 
r/ere receiving via rauif.ticn. fome of the .temperatures were tr4con 
in the mixing region of the jet gases and ambient air. The location 
of this rixinu region vac not determined in this investigation. 
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' flame temper ix f '©t aft of tho "zzlv uo >*l * u^-ed 

by the optictl pyr—otcr, vers 33 C°F, 3260°F, and 3300°i\ Throe 
tepipora ti.r'.; i arn i <proxir.acel** 300° f^r/c tv; theoretic' 1 exit 
tv* j i . . uk. 'his r *y b* explainer 1/ t. A uftf r burning ol‘ the 

exh**urt . * c , tj enissivity of t: r. f lam-* was taker: co bo u A zy 

because iu oo.sis’.s mfialy of' floxinf er.rbon particles. The pyrometer 
was hanu hoi'* at a distance of ten foot aft of tho motor an' ten foot 

from the center 1 i le of the exhaust flame, a slight burning sensation 

was felt by the observer on the face r.nd arms wMch woro exposed to 
tho flame. 

(f) The velocity measure meats 'were made with tho assumption 
that the flow was parallel with tho ground at the level of the rotor. 
This assumption ms not checked and ray have been erroneous, ^ho 
velocity versus distance from the center line of the exhaust jet may 
bo found in Pigs. 19b to 23b. /. plot of tho velocity profile showing 

direction velocity and streamlines may be seen In Pigs. 25 and 27. 

(G) The characteristic of the first shock wave aft of the motor 
in the jot was recorded on a K-odachrone film by the hastnan high 
speed camera during run bo. 84. It was not possible to measure the 
velocity of the exhaust gases from this film. A higher speed camera 
with a larger field is necessary. The average velocity of tho end of 
the luminous gases which was measured from the black and v/hito film 
tn Ven during run &o. 8.5, was doternined to be 2300 ft/sec. Since the 
flow was subsonic at this distance from the motor, this would require 
an exhaust temperature of 2110°F at least, if tho of tho gases 
was 1. 2. The velocity was therefore considered to be a reasonable one. 
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(1) Hie temperatures surrounding bhe jot of a 1500 pouna thru 3t 
liqui 1 rocket, us measured by a blackened thermocouple , are surprising* 
ly lo./. Tho hi rh tempo raturo region gradually expands a3 the distance 
aft of th^ motor is increased. At 26,5 feet aft of tho motor, the 
temperature cam bo cxpectod to bo 500°F higher than ambient at a dis- 
tance of 25 inches from the center line of the motor. At a distance 

of four foet aft of tho nozzle, the temperature riso can bo ejected 
to be 500° when only 12 inches from tho center lino of tho flame. 
Aov/ever, a considerable amount of heat is conducted av/ay by the thermo- 
couple loads. Therefore, before placing equipment as closely as these 
temperatures indicate as safe, it would be necessary to determine tho 
heat losses of tho equipment to bo expected from conduction, radiation, 
a. id convection. 

(2) The velocity survey was rather sketchy, but does show that 
the induced velocities are quite small and of the order of 50 ft/seo. 
Tho velocities were appreciable (ovor 100 ft/soc. ) in tho region in 
w 1 - . i ch mixing was expected. It ’.ms found that tho high temperature 
regions were larger than the high velocity region, as was found by 
other invostigators dealing with small hot jots. 

Tho induced velocities might bo successfully measured with tho 
use of small smoke sources placed throughout the region of Interest 
and the paths of the smolce recorded by a novie camera. A rack of 
fitot tubes cculd bo made so that each tube oould bo pivotod during 
the run. This could bo accomplished very nicely by electrical or 
no chan i cal linkages. 
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The survey should bo extended bo include the luminous region 
of the exhaust gasos. A speotogran of the f lane would be desirable. 
Thu optical pyrometer could be successfully employed to determine the 
flame tempo ratures if the onis3ivity of the flano woro determined. 

The ultra-high spoed camera may be the best method to do term .■ ne 
the velocitios of the hot exhaust gases. 



-TABLE la 



temp:t,ature survey 



Run 7 ’18 Duration of Run i +5 - 8 sec- Motor 21-272 

Fuel FUOH 

Oxidizer V 7 FNA Mixture Ratio 1.55 



Thermocouple 1-2 


Thermocouple /'o 


Dist. Aft of Motor 48” 


Dist. Aft of Motor 1 + 8 " 


Dist. from of Motor 67" 


Dist. from $ of Motor 21" 


Tine 


Temp era ture 


Tine 


Temperature 


Sec • 


°p 


Sec. 


op 


0 


52 


0 


58 


6 


86 


7 


152 


57 


O 


58 


152 


55 


82 


5 b 


122 


70 


7b 


71 


109 
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TABLE lb 

TEMPERATURE SURVEY 



Run #19 Duration of Run 59*6 seo- ^otor M-272 
Fuel PUOK 

Oxidizer WFNA Mixture Ratio 1.26 



Thermocouple f -2 


Thermocouple f 3 


Dlst. aft of Motor 43 " 


Dlst. aft of Motor 43 " 


Diet, from £ of Motor 67" 


Dlst. from £ 0 


f Motor 15" 


Time 


Temperature 


Time 


Temperature 


Seo . 


op 


Sec . 


Op 


0 


55 


0 


55 


14 


74 


15 


142 


35 


82 


37 


166 


53 

1 


05 


39 


169 
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TABLE Io 



TEMPERATURE SURVEY 



Run £20 Duration of Run 1+5 300 • Motor M -272 
Fuel FUOH 

Oxidizer UFHA fixture Ratio I .96 



Thermocouple #2 


Thermocouple #5 


Dist. aft of Motor 1+3" 


Dist. aft of Motor 1+3" 


Dist. frora £ of Motor 67 " 


Dist. from £ of Motor 12" 


Time 


Temperature 


Time 


Temperature 


S a a . 


°F 


Sec. 


op 


e 


56 


0 


56 


30 


69 


6 


336 






53 


426 



TABLE Id 
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TEMPERATURE SURVEY 



Run 7/2 1 Duration of Run 44 . 5 see. Motor M-pyp 
Fuel FTJ0H 

Oxidizer V.PHA Mixture Ratio 1.91 



r ;; ■ 

Thermocouple £2 


Thermocouple 


Dist. Aft of Motor 40" 


Diet. Art of 


Motor 48" 


Dist. from of Motor 67 " 


Dist. from £ 


of Motor 12" 


Time 


Temperature 


Tim© 


Temporature 


Sec . 


Op 


Sec . 


Op 


0 


57 


0 


* ! 


ie 


70 


30 

i 

1 

i 

i 


494 

i 



0 



TABU. 1(f) 



I 5. 



TEMPERATURE SURVEY 



Run i 25 Duration of Run 45 sec. Motor M -272 
Fuel FUOH 

Oxidizer WFH A Mixture Ratio 2.2 0 



Thermocouple 



Thermocouple if' 7 ) 



Dist. Aft of Motor 48" 
Diet, from £ of Motor 67 " 



Dist. Aft of Motor 48" 
Dist. from £ of Motor 12" 



Time 


Tempera ture 


Time 


Tempera ture 


Sec. 


op 


Sec . 


°F 


0 


55 


0 


56 


15 


87 


16 


226 


40 


95 


42 


O 

-X 

CJ 
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T*BLE 1(g) 

TE T ' PFRAT vnr. SU RYET 



Run '24 Duration of Run 45. 1 sec. Motor If-272 
Fuel FUOH Oxidizer Y/FHA Mixture Ratio 2.30 



Thermocouple t 2 


Thermocouple t 3 


Dist. Aft of Motor 4C" 


Dj 3t. Aft of Motor 120" 


Dist. from ^ of Motor , 67 ” 


Dist. from 


of Motor 30 " 


Time 


Temperature 


Time 


Temperature 


Seo. 


Op 


Sec. 


op 


0 ■ 


75 


0 


74 


12 


91 


14 


151 


37 ' 

1 

1 


102 


39 

1 

1 

1 


175 
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TABLE 1(h) 



TEMPERATURE SURVEY 



Run i : 25 Duration of Run 45*1 sec. Motor M-272 
Fuel FUOH 

Oxidizer V.THA Mixture Ratio 2.26 



Thermocouple r'2 


Thermocouple ?*> 


Dist. Aft of Motor 48" 


Diet. Aft of i 


Motor 120 " 


Diet, from £ of Motor 67 " 


Diet, from $£ of Motor 'XO" 








V. 


Time 


Temperature 


Time 


X 

Temperature 


Seo . 


op 


Sec . 


op 


0 


6U 


0 


88 


1 


65 


2 


130 


31 


99 


32 


148 



f 



TABLE l(i) 
TEMPERATURE SURVEY 



Run 7,26 Duration of Run 21 aoo. *^otor M-p 72 
Fuel FUOIi 

Oxidizer \YFNA “ixture Ratio 2.59 



Thermocouple j l 2 


f 1 

Thermocouple f5 j 


Dist. Aft of Motor IjO" 


Dist. Aft of 


Motor 120" | 


Dist. from ^ of Motor 67 " 


Dist. from £ of Motor 10" 


Time 


Temperature 


Time 


1 

Temperature j 


Sec. 


Op 


Sec „ 


Op 


0 


ik 


0 


79 ' 


11 

| 

1 


90 

1 


15 


U89 

I 
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T-iBDP I( J ) 

tit'P"ratur!\ surviy 



Run ,f27 Duration of Run );5»1 soo. Motor M-272 
Fuel FUOH 

Oxidizer V7FKA ^’ixturo Ratio 2.20 



Thermocouple - f 2 


Thermocouple 5 s ? 


Dist. Aft of Motor U8" 


Dist. Aft of Motor 120" 


Dist. from £ > 


of Motor 67 ” 


Dist. from £ of Motor 19” 


Time 


Temperature 


Time 


Temperature 


Sec . 


Op 


Sec • 


Op 


0 


G 7 


0 


6? 


30 


90 


55 


500 

1 

j 

! 

i 
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~ ■'■b.jE Kk) 

TR?’. i’i R; ‘i U!-’V: Sl'RV'.Y 



Rxai ; 55 Duration of Run lj.L.8 seo. Motor M-272 
Fuel FUOH 



0x12 iz or 95/’ 


v:rH.i & 9 ; 


r iioo 


Mixture 


Ratio 2.15 


r 'he7\:iOCO 


uric* ?: 2 




Thermocouple 7 3 


! Dial, y.ft of ■ 

i 


Motor 


U0 ! ' 


Dist. /.ft 


of 


Motor 120" 


Dial. fro;.i £ 

! 


of Motor 


67 ” 


Dist. fro 


r.i <L of l-o -or i;V : 


Firne 


Temporstrire 






i 

j Temperature 


^ec. 


Op 




oec . 




°F 


i 

© 


cc 




O 




_ ... 

! 

74 


** 5 


94 








f ' 
t. GU 


I 






50 




300 

i 

1 

1 

1 

1 



C. 



Motor fd -272 



TABLE I (►) 

r.'-3j?: ' t L‘»TU r V t ‘ '-VJlVfY 

Ban - J>6 Duration of Bun I;!'. 8 see. 

Fuel FUCH 

Oxidizer VTHA & ^ H 2 0 Mixture Ratio 2.05 



Ihcrmooo^plo 7 2 


Th^rmoo: 


/ ole { 5 


List. Aft of 


Motor 48" 1 


[ Pist. Aft of ^ 0 tor 120” 


Di s t . fr ora £ 


ox' Motor 67 " 


Pist. from £ of Mo* or 22 ” 

i 

■ 


Time 


Temnerntur 0 

! 


i 

, Time 


f 

Temperature 


Sec . 


op 


Sec . 


op 

1 


0 


66 


■ 

0 


72 


11 


84 


i4 


166 


Oh 


1 

0 

CO 

! 

1 


i 

vx 

vn 


182 



\ 



\ 



2 2 . 



7ABL" I(m) 



F./' 



UHvry 



Hun r'jQ Duration of Run >9 sec. Motor M-P 72 

Fuel FTJOH 

Oxidizer 95^ V.T1IA & 5^ IKO Mixture Ratio 2.20 



Thermocouple 7 / 2 


Thoi^mooouple ty 


Dist. Aft of Motor 1|G V 


Dist. Aft of Motor UB ,# 


Diet, from ^ 


of Motor' o 7 ,t 


Diet, from £ a 


if Motor 15" 


Tima 


Temperature 


Time 


Temperature 


C/9 

CD 

! 




op 


Soo . 


Op 


0 


61 


0 




9 


76 


10 


126 


52 


e6 


55 


ll;l 


55 


0 ^ j 

s s 


59 


158 



23 



TABLF I(r ) 
TEMPERATURE SURVOT 



Run 59 Duration of Run 
Fuel FUOH 

Oxidizer 35 % WFHA 5 % HgO 



4 > aoo. Motor "-272 

Mixture Ratio 2.52 



Thermocouple f? 


j 

i 

Thermocouple 5 


Dist. Aft of Motor 48" 


Dist. Aft of Motor 15" 


Dist. from £ < 


Df Motor poo" 


Dist. from £ 


of ^otor %" 


Time 


Temperature 


Time 


Temperature 


Sec. 


op 


Sec • 


Op 


0 


56 


0 


64 


92 


58 


10 


145 






CO 


169 



TABLE 11(a) 
TEMPERATURE SURVEY 



R-un #28 Duration of Run . U sec. Motor M-272 

Fuel FUOH 

Oxidizer \VFWA fixture Ratio 2 .56 



Thermocouple r? 


Thermocouple ■’ ’ 


Dist. Aft of Motor 1(8” 


Dist. Aft of Motor IjO" 


Dist. from £ of Iv! otor 67” 


Dist. from £ of Motor Rip’ 


Time 


! 

Temperature 


Time 


Temper a ture 


S ©o • 


°F 


S©o . 


Op 


0 


67 


0 


67 


12 


79 


13 


QO 


Uo 


09 


1+1 


150- 


65 


79 


66 


126 






82 


120 




2 5 . 



CABLE 11(b) 

TEMPERATURE SURVEY 

Run , 29 Duration of Run ! ,5 sec. Motor K-272 
Fuel FUOH 

Oxi£i.:or ’"FRA Mixture Ratio 2.53 



F 

Thermocouple i? 


re— c ■* 

Thermocouple : !-y 


Diet. Aft of ’ 


lot or 1+S” 


Diet. Aft of M 0 tor 48'' 


Diet, from £ of "" 0 tor 67 ” 


Biot, from £ 


of Kotor 


Time 


Temperature 


Time 


Temperature 


Soo. 


Op 


See. 


Op 


f 

0 


66 


0 


66 


22 


CO 

rm 


83 


102 


45 


86 


46 


122 


1 




no 


119 



26 



TABLE II(o) 
TEMPERATURE RORVET 



Run /'JO Duration of Run boc. Motor M -?72 

Fuel FUOH 

Oxidizer ’VFHA Mixture Ratio 7 . Oy 





Thermocouple f‘P 


r.„: r 5 

Thermocouple f '3 


Dist* Aft of Motor Lj.8" 


Dist. Aft of : 


1 

1 

Motor i* 8 ” j 


Dist. from £ i 


of Motor 67" 


Dist. from of Motor 22 ,! 




1 


/ 




Time 


Temperature 


Time 


Temperature 


Soo. 


' '1 

Op 


1 

Seo # 


op 


0 


62 


0 


Of- 


15 


71 


16 


02 


Uo 


7 h 


4 y 


105 






<sf 


10I- 






82 


102 



TABLE 11 (d) 
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TEMPERATURE RURVEY 

Run / ; 3 1 Duration of Run 1+3*2 9oc. M 0 tor M-272 

T^uol FUOH 

Oxidizer VPHA Mixture Ratio 3.11 



thermocouple H-2 


— ' ' - 1 

Thermocouple f'5 

— — ' ■ f 


Dist. Aft of Motor 


CO 


Dist. Aft of Motor J00’’ 


Diet, from £ of Motor 


.6 7" 


Diet, from of M 0 tor 36 " 


Time 


Temperature 


Time 


Temperature 


Sec . 


°F 


Sec . 


Op 

1 


0 


57 




0 


1 

; 

59 


26 


63 




27 


30 








57 


97 








7 b 


96 



TABLE II( e) 
TEMPERATURE SURVEY 



23 . 



Run 32 Duration of Run ifj.o sec. ^otor M-272 
Fuel FUOH 

Oxidizer V-.'FUA Mixture Ratio 3.10 



Thermocouple j *2 


Thermocouple 


Diet. Aft of 


Kotor 


4 G r ’ 


Diet. Aft 


of 


Kotor' UH IS j 


Dist. fron £ 


of Kotor 


67" 


Diat. from £ of Motor 2? v ' 


1 

Time 


l 

? 

! 'Temperature 


Time 


Temperature 


-ec. 


! °P 




Seo • 


Op 


0 


Ch 




0 




6k 


23 ; 


75 




2U 




06 


55 


! 75 




56 




105 


! 75 

1 


nr\ 

\ < sj 

I 




7l+ 




102 



TABLE 11(f) 



2 9 . 



TEMPERATURE SURVEY 



Run .^.‘55 Duration of Rim 45 sec. Motor M-272 
Fuel FUOH 

Oxidizer 95/> Y/FNA 3= H 2 O Mixture Ratio 3 . 10 



Thermocouple $2 


: m 

Thermocouple #3 


Dist. Aft of Motor 40” 


Dist. Aft of Motor 48" 


Dist. from jfc of Motor 67 " 


Dist. from £ of ^otor 22" 


Time 


Temperature 


Time 


Temperature 


Seo. 


Op 


Seo. 


op 


0 


66 


• 0 


68 


15 


90 


14 


76 




101; 


39 


96 


62 


oc 


63 


105 



o 



30 . 



TABLE II{g) 

TEMPERATURE SURVEY 

Hun "jl. Duration of Run 1+5 seo. ^otor M-272 
Fuel FUOH 

Oxidizer 95^ WF^A &> 5# H2O Mixture Ratio 1.75 



Thermocouple 


Thermocouple f-5 


Diet. Aft of Motor 48" 


Diet. Aft of Motor UG” 


Diet, from of Motor 67" 

r r 


Dist. from of Motor 22” 


Time 


Temperature 


Time 


Temperature 

\ 


Seo. 


Op 


Seo . 


Op 


0 


68 


0 


63 


10 


89 


11 


73 


50 


106 


31 


92 


107 


81 


103 


120 


156 


80 


137 


124 



Q 



>-b o 



31 . 



T. J31E nr A 

TsriPEjATun:: mjpve: 

Run #75 Duration of Run 45*1 seo. aJotor 1 -^-2JZ 
PjgI 8o£ Aniline £ o/ FUDII 
Oxidis er 6 1/2/5 KPllA 

ilixturo Ratio 2.03 Distanoe Aft of Hoszle 2 6.5 ft.' 



tr.no o Thermo- Time of ; Temp, of Temp. Rise 

ron | ooviplo Rendinc Thermo- Correoted 



£ 

0 a _ i 0 o OX* j 

\ 


Number 


after 
3ta rt 
of Hun 


Temp. 


oouple 

before 

Run 


Temp. 

Rise 


for 

Thermo. 

Response 


inches 


i 


Seconds 


V 


*F 


AT 


AT C 


15 


. - j 

1 

j 

r* 


nr t 
• 


500 


56 


444 


710 


19 


6 


ii 1 


500 


57 


443 


631 


Or- 


7 


13 


475 


57 


4i3 


590 


51 ! 


9 


25 


543 


57 


291 


531 


57 


10 


23 

i 


276 


57 


219 


244 


43 i 


li 


29 


210 


57 


153 


168 


49 


15 


I 35 


154 


58 

1 


96 


102 


55 


ill 


57 

l 


ill 


50 


53 


56 


6 l 


15 


Uo 


100 


58 


42 


44 



! 



1 



32 . 



t/jblf m h 
TIKPERATOIffl SURVEY 

Run #74 Duration of Run 1;5 sec. Motor H-Z'JP 
Fuel 80# Aniline 20,- PUOH 
Oxidiser 6 l/2jf RFNA 



Mixture Ratio 


1.69 


Distanoe 


Aft of Nozl 


le 26.5 


ft. 


Distance 

from 

£ 

of Motor 


Thermo- i 

couple 

Humber 


Time of 
Reading 
after 
Start 
of Run 


i 

i 

1 

Temp. 

! 


Temp, of 
Thermo- 
couple 
before 
Run 


Temp. 

Rise 


Temp. Rise 
Corrected 
for 
Thermo. 
Response 


(i neh^s ) 




iSec) 


(V) 


(°f) 

1 - - A. 


AT 


i A T e 

< 


15 


5 


22 


1 

500 


j 

48 


452 


! ! 

552 


19 


6 i 


25 


500 


; 49 


451 


525 


25 


7 ' 


24 ■ 


46 0 


52 


4c8 


! 470 J 


51 


9 


59 


518 


! * 


271 


282 


57 


10 


4o 


202 


47 


255 


244 


45 

i 


li 


50 


150 


46 


104 


105 


49 


15 


55 


104 


52 


52 


55 

. i 


55 , 


14 


54 


80 


54 ! 


26 


f 

26 



33 . 



t 



TABLE III c 

TEMPERATURE SURVEY 

Run Jr 75 Duration of Run 1 j 5«0 seo. Motor ^-272 
Fuol 80^ Aniline 20 % HJOH 
Oxidizer 6 1/2 % RPJTA 

-Mxtra.ro Ratio 1.70 Di3tanoo Aft of Nozzle 26.5 ft. 



Distance 1 
from 


Thermo- 
couple | 


Tine of | 
Reading 




Temp, of 
Thermo- j 


Temp . Rise 
Corrected 


<L 

of i^otor 


ilumb er j 

1 


after 
Start 
of Run 


Temp. 

- - -h 


oouple 
before | 
Run 


Temp. 1 for 
Rise Thermo. 

Response 


inches 

! ’ : 


i 

1 


s«. 


°F 


l .. 


AT 

i 


AT C 


r 

29 


6 ! 


10 

1 


315 


12 


245 


589 


35 


1 

7 


lb 


218 

j 


72 


146 


200 


4i 

1 


1 

9 


18 ! 


HI 


71 


106 


132 


47 


i 

10 


25 


156 


72 


6 k 


73 


i 

53 

i 


11 


26 1 


10l| 


72 


32 


36 


! 

55 


15 


30 


94 


72 | 


22 


24 


I 65 


i4 \ 


31 


05 


j j 


13 


14 


71 

I 


15 


32 


03 


72 

1 


11 


12 




i 

1 



34 . 



TABLE lir ci 
TEMPERATURE SURVET 

Run t 77 Duration of Run 44.8 sec. Motor M-272 
Fuel 2o£ Aniline 20% FUOH 
Oxidizer 6 \/2.% RFHA 

fixture Ratio 1.40 Distance Aft of Nozzle 26.5 ft. 



Distanoe 

from 

t ; 

of Motor 

l. 


Thermo- 

couple 

Number 


Time of 
Reading 
after 
Start 
i of Run 


— i 

Temp. 


Temp, of 
Thermo- 
couple 
before 
Run 


Torap. 
R1 8 G 


Temp^. Rise 
Corrected . 
for 

Thermo . 
Response 

-j- H 


i nc h*s 

J 




Sec. 


V 


t ~ ” ' 1 

*F 


AT 


59 


11 


1 i 

I 


91 


' 68 ! 

i 


23 


j 

j : 

| 


£l 


13 


i 6 


09 


68 


21 


47 1 


71 


14 


1 7 


04 


68 

» 


16 


! 

32 


77 


15 


' 8 


8o 


68 


12 


22 


1 

29 

l 


6 


29 

1 1 


426 


68 


350 


394 






i | i j 



i 



35 



o 



TABLE HI e 

TEMPERATURE SURVEY 

Run , 73 IXiration of Run 45 bqo. Motor M-272 
Fuel 3o£ Aniline 20% FUOH 
Oxidizer 6 1/2% RFHA 



Mixture Ratio 


1.58 


Distance 


Aft of Hozzl 


e 2.6 . 


5 ft. 


Distance 

from 

<L 

of Motor 

1 


Thermo- 

couple 

Humber 

1 


Time of 
Reading 
after 
Start 
of Run 


Temp. 


Temp, of 
Thermo- 
couple 
before 
Run 


Temp. 

Rise 


Temp. Rise 
Corrected 
for 

Thermo . 
Response 


!r\eh*s 






°f 


of 


A T 


AT C 


29 


6 


21 


428 


! 76 


552 


! 

421 


55 


i 7 


22 


582 


I Oo 


502 


356 


hi 


1 9 


39 


284 


! 76 


208 


216 


47 


10 


4 o 


158 


i 76 


82 


05.5 


93 


11 


46 


115 


78 


37 


37.8 


59 


13 


51 


100 


1 75 


25 


25.2 


65 


i lU 


92 


92 


! 76 


16 


16 


71 


15 


53 


90 


79 


ll 


1 11 



i 



o 



TABLE III f 
TEMPERATURE SURVEY 

Run /'30 Dura tion of nun 45*2 seo. i^otor Y-272 
Fuel 3o/ Anilino 20/ HJOH 
Oxidizer 6 1/2?.' RPHA 



~ix 


ture Ration 2.50 


Distanoe -Aft of Nozz 


1 6 26 


• 5 ft. 


Distanoe 

from 

£ 

of Hotor 


Thermo- 

couple 

Number 


Time of 
Reading 
after 
Start 
of Run 


Temp, of 
Thermo- 

Temp. oouple 

before 
Run 


Tenp. 

Rise 


[Temp. Rise 
Corrected 
for 

Thermo. 

Response 


inc hes 




Sec. 




c /= r 


AT 


AT C 


1+7 j 


10 


1 


127 


35 


42 


- 


| 59 | 


13 


9 


110 

| 


32 


20 


46 


65 ! 

j 


14 


10 


102 


80 


22 


35.2 


7i ; 


13 


n 


1 96 


84 


12 


18.5 


! 17 j 


5 

i 


20 

! 


43o 

\ 


85 ' 


395 


476 


t 


5 


4o 


421 


85 


336 


350 


29 

i 

i 

t 


6 

; 


44 

i 

i 

1 

I 

1 

I 

1 


346 

1 

1 

j 

i 

J 

i 

| 

1 

i 

1 

i 

1 ^ 


85 i 

! 

t 

! 

j 

i 

i 

1 


261 


268 

i 

\ 



37 



table m $ 

TEMPERATURE SURVEY 

Run 31 Duration of Run 1;5.2 sec. Kotor K-272 
Fuel C0& Aniline 20a FUOII 
Oxidizer 6 l/?f» RPNA 



fixture Ratio 2 . 36 Distance Aft of Nozzle £6.5 ft. 



Distance 

from 

t 

of Rotor 


Thermo- 

couple 

Humber 


Time of ! 
Reading 
after 
Start 
of Run 


Terap. 


Temp, of 
Thermo* 
oouple 
before 
Run 


Temp. 

Rice 


Temp. Rise 
Corrected 
for 

Thermo . 
Respon3o i 


inch#* 




Sec . 

_ } 


°F 


°F 


AT 


AT C 

j 


27 


. 

> 


\ 

, 1 
42?- 


25 


56 


566 


419 


51 


j 

5 


1 

2P5 

! 


55 


56 


190 


202 

J 


57 


1 6 


190 


56 


56 


154 


162 


45 


7 


121 


4o 


56 


Cl 


84.5 

1 1 


49 


! 

9 


95 


42 


55 


51 


• { 

52.5 


55 


10 

j 


80 


45 


56 


57 


58 


61 


11 


66 


j 44 


! 54 


0 ^ 
c.c. 


22.4 



i 

f 



35 . 



table jst a. 

TEMPERATURE SURVEY 

Run 2'82 Duration of Run lj.0 3oc. Kotor K -295 
Fuel- CO# Aniline 20# FUOH 
Oxidizer YfFNA 



Mix 


Tare Ratio 


1.75 


Distance J 


-.ft of Nor. 


zle 24.5 


ft. 


Distance 

from 


Thermo- 

couple 


Time of 
Reading 


' 


Temp . of 
Thermo- 




Temp. Rise 
Corrected 


& 

of Kotor 


Number 


after 
Start 
of Run 


Temp. 


couple 

before 

Run 


Temp. 

Rise 


for 

Thermo. 

Response 


j 




Sec. 


°F 


T 


AT 


AT C 


111 


5 


9 


2 48 


72 


100 


552 


47 


5 


10 


172 


72 


62 


147 


55 1 


6 

| 


11 , 


154 


72 


55 


100 


59 

j 


7 


14 


106 


71 


20 


54 


65 


! 

9 


15 


92 


72 


10 


20 


71 


10 


16 


02 


72 


6 


15 


77 


1 

11 


18 


78 


72 


5 


8 


85 


15 


19 


77 


72 


0 

C. 


6 


89 


14 


20 


74 


72 


5 


3 


95 


15 


51 


74 


71 


142 


, 4 



3 9. 



TABLE H b 
TEMPERATURE SURVEY 



Run 7'85 Duration of Run 45*3 sec. Motor li-293 
Fuel FTJUK 
Oxidizer WFHA 

Mixture Ratio 1.77 Distance Aft of Hozsle 24.5 ft. 



pistanoe 

from 

t 

of Motor 


Thermo- 
couple j 
lluniber 

! 


Time of i 
Reading j 
after 
Start 
of Run 


Temp. 


Temp, of j 
Thermo- 
couple 
before 
Run 


jTemp. Risi 
■Corrected 
Temp. j for 

Rise Thermo. 

Response 


inches 

l 

1 .... 


1 

» 

! 


1 

Sec . 


*F 


V 


AT- 

1 






i 

3 


15 


! 

226 


63 


t 

165 j 


218 


! • 

Mr i 

| 


5 


23 


18? 


64 


123 

1 ) 


143 


| 53 


6 


26 


132 


50 


74 


03.5 


! 55 


7 


53 


102 


62 


40 


43 


65 


9 


50 


70 


55 


15 


16 


71 


10 


39 


69 


62 


7 


7 


77 


n 


4o 


67 


62 


5 


5 


03 


13 


4o 

t 


67 


62 


5 


5 


09 


! lh 


43 


66 


63 


3 


3 


95 


15 

w 


44 

1 


64 

i 

1 


62 

j 

i 


2 


2 

! 



<± 0 . 



T/BLH GET a 

T"j<'P rature curves’ 



Run r‘G5 Duration of Run 49*9 sec. Motor H-293 
Fuel FUOH 
Oxidizer VYFHA 

Mixture Ratio 2.22 Distance Aft of Motor 22 ft. 



Distance 

from 

(t 

of Mo to: 


Thermo- 
couple 
Kunb er 


Time of 
Reading 
af teh 
Start 
of Rim 


Temp . 


T emp . of 
Thermo- 
couple 
before 
Run 


Temp. 

Rise 


Temp. Rise 
Corrected 
for 

Thermo. 

Response 


inches 




Sec. 


1 

•F 


V 


AT 


AT C 


u 


3 


11 


134 


60 


74 


114 


47 


5 


. 15 


116 


68 


47 


67 


53 


6 


19 


34 


6G 


16 


3C 


59 


7 


20 


74 


60 


6 


7 


’ ^5 


9 


^5 


73 


68 


5 


6 


71 


10 


2.6 


70 


$8 


2 


2 


77 


n 


27 


69 


68 


1 


1 


33 


13 


30 


69 


66 


3 


3 


09 


i4 


31 


66 


64 


2 


2 


95 

j 


15 


3 2 


6 9 


66 


2 


3 



44 



TABLE b 
TIv-IPERATURE SURVEY 



Run G 7 Duration of Run i;5 90c. Motor M-293 
Fuel PUOH 
Oxidizer WF!fA 



Mixture Ratio ?.1;6 Rio tana 0 Aft of Nozzle 22 ft. 



> y 

Distance ' 
from 

t 

of Llotor 

1 

: _ . 1 


Thermo- 'Time of 
couple i Reading 
Number after 

i Start 
of Run 


i 

Temp. ! 

J 


Temp, of H 
Thermo- 
couple 
before 
Run 


Temp. 

Rice 


iTemp. Rise 
.Corrected . 
for 

Thermo , 
jResponse | 

■ j 


| ine hes 

.... . J. 


i 


Sec. 


I *r 


| 

°r 


AT 


! AT c 1 


36 


I 

5 


ih 


142 


. . 1 

50 


Oil 


1 

116 


1 

4*- 


6 

1 


lC 


100 


53 


42 


55 


’ ^ ! 

Hr'*' ! 


7 


18 


80 


53 


22 


| 20 

; j 


>, ; 


9 


21 


72 

! 


53 


lil 


17 


Co 


10 


23 


69 


53 


*7 

\ 


8 


6vy 


11 


24 


! 63 


’ 53 


5 


6 


72 


19 


20 


| 


50 


5 


1 

6 

| 


75 


14 


; 29 




30 


: 4 


1 

! 4 


^4 


19 

1 


! 50 


62 


53 


4 


4 




1 

f- 


36 


1 196 


50 


73 


i 

82 


50 


! 5 


i 33 


| 100 


58 


130 


! 135 



TABLE ¥*c 



A2. 



TEMPERATURE 2URVEY 



Run £00 Duration of Run 1+ ! + . 0 sec. Motor M-295 
ruel FTJOH 
Gx^isor V.PHA 

Mixture Ratio 2.2? Distance Aft of Nozzle PP ft. 



Distance ) 
from 

t 

1 of Motor | 

j 


Themo- 

couple 

Humber 

i 

i 

j 


Time of 
Re ad inn 
af tor 
Start 
of Run 


Temp. 


Temp, of ' 
Thermo- 
couple 
before i 
Run 

I 


Temn . 
Rise 


temp. Rise 
Corrected 1 
for 

Thermo. 

•Response 


inches 


1 

. . J 


S«. 


°F 


•r 

1 


AT 


| AT C 


i 


2 j 


21 


150 


60 


82 


t ‘ — f 

99 

j 


30 


3 ! 


?-7 


201 


72 


129 


145 

1 


! 56 


5 i 


20 


155 


72 

! ! 


33 


92 | 


j Up 


6 


29 


122 


1 72 


50 


55 


CO 

-J 


7 


30 


106 


72 


54 


57 

1 


54 

i 


9 


52 


95 


72 


21 


i 25 


Co 


10 


55 


02 


72 


10 


11 

1 j 


CC 


li 


54 


73 


72 


6 


i 6 


72 


15 


59 


78 


72 


6 


& 


73 


; 14 


4o 


76 


72 


4 


, ■* i 


34 


15 


4i 


76 


! 72 


i 4 


! k 



TA3LK 3ZT d 
Tn:? T 'i?*.TUii" survey 



■4-3. 



Run 9^ Duration of Run sec. Motor M-295 

Fuel FTJOH 

Oxidizer 90^ VIFIIA & lOw II 2 0 

Mixture Ratio 2,’j.O Eistance Aft of Motor 22 ft. 



Eistanoe 

from 

of Motor 


Thermo- 
couple 
Hurab or 


Time of 
Reading 
after 
Start 
of Run 


Temp. 


Temp, of 
Thermo- 
couple 
before 
Run 


T enp . 
Rise 


Temp. Rise 
Corrected 
for 

Thermo . 
Response 


inches 




Sec. 


c r 


°r 


AT 


AT C 




5 


17 


280 


• 76 


2 0l| 


262 


la 


6 


26 


221 


76 


11|5 


163 


he 


7 


27 


186 


76 


110 


123 


5i 




31 


136 


76 


60 


65 


56. 


10 


52 


116 


76 


ho 


Ii3 


60 


11 


-r 

y.> 


101 


76 


25 


27 


69 


15 


Uo 


90 


76 


111 


15 


70 


ill 


lii 


80 


7I1 


6 


6 


75 

1 

1 


15 

1 


1|2 


70 

I 


7 C 

1 


c. 


2 

1 



© 



4A 



TABLE W Jl 
TEMPERATURE SURVEY 

Run 7*39 Duration of Run 44*3 seo. Motor M-295 
Fuel FUOH 
Oxidizer WFNA 



»*JlX 


ture Ratio 


1.74 


Distance Aft of Nozz 


le 19 ft. 




■ T 

Distance 


Thermo- 


Time of 


iTemp. of 1 


fTemp. Rise! 


from 


ooup le 


Reading 


1 


Thermo- 


Corrected 


t 

of Motor 

i 


Number 

i 

1 

. - . | 


after 
Start 
of Run 


Temp. 

| 


couple 

before 

Run 


Temp. 

Rise 


for 

Thermo . j 
Response 1 

j 


inches' 

i 


{ 

i 


Sec. 


e F 


•F 


AT 


I 

AT C 


“ ! 

I 

50 


l 

i 

i 

5 


18 


270 


84 


186 


256 


56 ; 


5 


21 


191 J 


05 


106 


128 

1 


, u 


6 

| 


22 


144 


85 


59 


70 


Uo 


7 


25 


114 


85 


29 


34 


54 


9 


26 


94 


84 


10 


11 

| 


6 o 


10 


28 


88 


04 


4 


I 

1 t 


66 


j 11 


29 


86 


04 


2 


2 


72 


: 13 


30 


86 


04- • 


2 


2 


70 


! 14 

1 


31 


05 


34 


1 


1 


04 


i ^ 

1 


32 


85 


33 


0 


0 

i 



A 5. 



TABLE Efb 
TEMPERATURE SURVEY" 



Rim fJO Duration of Run 45*2 seo. Motor M-293 

Fuel TUOH 

Oxidizer 

Mixture Ratio 1.75 Distance Aft of IJozzle 19 ft. 



Di stance 
f rpm 

of Motor ( 

j _ 1 


Thermo- 
couple 
Kumb er 


Time of 
Reading 
after 
Start 
of Run 


Temp. 


Temp, of 
Thermo- 
c oupl e 
before 
Run 


i 

Temp. 

Rise 


Temp. Rise 
Torrooted 
for 

Thermo. 

lesponso 


inches 




Sec. 




*F 


AT* 


AT C 


1 5 o ' 


5 


15 


277 


73 


204 


267 


pu 


5 


'17 


200 


73 


127 


163 


1 <~ 


6 


20 


154 


75 


61 


73 


43 


7 


22 


92 


72 


20 


24 


54 


9 


25 


t 

04 


72 


12 


14 


Co 


10 


26 


35 


72 


11 


12 


cc 


ii 


27 


02 


75 


9 


10 


72 


15 


29 


81 


72 


9 


10 

1 


73 


i4 


50 


Or 


72 


9 


10 


Ol 

oq. 


15 


51 


80 


72 


8 


9 i 




2 


59 


256 

1 


64 


172 


179 

1 

1 

i 



4 6 . 



table i/r ^ 

TEMPERATURE EUR VEST 

Run 91 Duration of Run 45 soo. Motor M-293 
fuel EUOH 

Oxiuiz er 9 0J« V.’FHA 10/« H 2 O 

Mixturo Ratio 2.01 Distance Aft of Nozzle 19 ft. 



Distance 

from 

£ 

of Motor 


Thermo- 
couple 
Numb er 


Time of 
Reading 
after 
Start 
of Run 


Temp. 


Temp, of 
Thermo- 
c oupl e 
before 
Run 


T©np. 

Rise 


Temp. Rise 
Corrected 
for 

Thermo . 
Response 


inches 




sec . 


•F 


°F 


AT 


AT C 


' 

*13 


2 


21 


97 


72 




.26 


50 

1 


5 . 


25 


250 . 


77 


155 


173 


7 / 

F 

1 


5 


26 


153 


77 


31 


91 


42 


6 


50 


109 


77 


52 


55 


43 


7 


51 


90 


77 


15 


14 


54 


9 


55 


3 ? 


j 77 


10 


11 


60 

I 


10 


54 


07 


77 


! 10 

1 


11 


66 


11 


56 


O r~> 

O/ 


77 


10 

1 


11 


72 


15 


40 


36 


76 


{ 

10 


10 


j 70 


14 


4 i 


j G 6 


76 


! 10 


10 


- 3 - 

CO 


15 

! 


42 

1 


86 


76 

1 


10 

i 


10 



'(•Distance aft of Motor l; in 



4-7 



T/BLE ¥L <A 
TEMP'ERATUEE SURVEY 



Run f' 97 Dura oi on of Run i+l;.6 sec. Motor M-293 

Fuel FUOH 

Oxidisor V.FKA & 10.^ KpO 

Fixture Ratio 2.19 Distance Aft of Motor 19 ft. 



Distance 

from 

l 

of Kotor 


Thermo- 

couple 

Humber 


Time of | 

Reading 

after j Temp. 

Start 
of Run 


Temp, of 
Thermo- 
couple 
before 
Run 


Temp. 

Rise 


Temp. Rise 
Corrected 
for 

Thermo. 

Response 


inc he j 




! 

sec. 


°r 


°F 


AT 


AT C 


33 


5 


50 


205 


88 


197 


216 


33 


6 


3D 


217 


88 


129 


159 


43 


7 


Ih 


155 


87 


60 


72 


i r 0 


9 


36 


121 


86 


35 


37 


33 


10 


37 


97 


G6 


ll 


12 


57 


11 


39 


91 


86 


5 


5 


62 

i 

1 

1 


15 


4i 


87 


86 


1 


1 

j 

t 



4-6 



table UK a 

te: •?: :ily.?uri: purvey 

Run 92 Duration of Run 1+5 oeo. Motor M..P 95 
Fuel FUOH 

Oxidizer 90/1 EFUA & 10# H 2 0 

Mixture Ratio 2.20 Distance Aft of M 0 tor 1 6 ft. 



Distance - ! 
from f 

£. 

of Motor ( 

i 


Thermo- j 
couple 
Numb ^r* 


x iriio of 
Reading i 
after 
dtart 
of Run 


f 

Temp . 

i 

i 

- - - . - 1 


r e;np . of | 
Thermo- * 
oouole 
before 
Run 


Temp. Ri3ej 
Corrected j 
Temp. | for 

Rise ! Thermo. 

(Response j 


inches 


sec. 


°F i 

4 


a r 


AT 


AT C 


l 

50 


I 

5 


28 


256 


90 


166 


» 

105 


56 


5 


52 


1 G 6 

[ 


89 


1 

97 


io4 


42 


6 


54 


122 


91 ! 


51 1 


» ■ i 


CO 

-LT 


7 


55 


98 


89 


9 1 


5 


54 


5 


39 


94 


88 


6 


6 


60 


10 


4o 


93 


09 


1 

*«■ 


4 | 


66 


11 

1 


4i , 


95 


89 


i '* i 


1 U _ : 


72 


| 15 


42 


92 


88 


i 


4 


70 


14 


43 


92 


08 


! u 


4 


04 


15 

4 


44 


91 

i 


00 

1 

! 

i 

! 


. 5 

i 


3 

! 

i 

1 



TABLE HI b 



4 9 . 



tfj'i rat u/::: IRVITf 

♦ 

Run ,"95 Duration of* Run kk>7 ?oo. Motor I.I-293 
Puol itjoh 

Oxidizer 90 # WPKA & 10,1 H 2 0 

Mf.xturo Ratio £.1*7 Distance Aft of ^otor iC ft. 



{Distance 
! from 

of Motor 



inches 

7f 

» 

72 

^ T 

30 

38 

Ur 

-1 

Co 

CC 



Thermo- 

couple 

Kurib'*” 



13 

lit 

15 

5 

5 

6 

7 

9 

10 

11 



Time of 
Reading 
after , 
Start 
of Run 

Sec. 

16 

17 

18 
Of, 

*-4 

28 

29 

30 



32 



33 

3U 



°F 

96 

96 

98 

215 

13!+ 

103 

100 

99 

98 

90 



Temp, of 
Thermo- 
couple 
before 
Run 

°F 



97 

97 

97 
90 

98 

98 

90 

98 

90 

98 



Tenp. 

Rise 



AT 

-l 

-l 

-1 

ll? 

zC 

7 

2 

1 

0 

0 



I 



? emp . Pdse 
orr acted 
for 
Thermo . 
Response 

AT C 

-1 

-1 

-1 

13U 

Uo 

8 

n 

l 

0 

0 



50 . 



? b:.e ¥m c 

TEMPERATURE SURVEY 

Run 95 Duration of Run 45 . 4 sec. Motor M-293 
Fuel FUOH 

Oxidizer 90^ V'FUA & 1 Ofo ll ? Q 

Mixture Ratio 1.75 Distance Aft of Motor 1 6 ft. 



Distance ' 
from 

£ 

of Motor 


Thermo- 
couple ; 
Number j 

! 

| 


Time of 
Rending 
after 
Start 
of 1 Run | 


i 

Ter.n. 

i 


Temp, of 
Thermo- 
couple 
before 

Pun 


f 

T'vrp . 
Rise 

i 


Temp. Rise 
Corrected ! 
for 

Thermo . 1 

Response ! 


ir\C.he£ 


Sec. 

! 1 


°F 


°F 


AT 


A T e 


1 

50 


n 

> ! 


24 


321 


94 

1 


! 

227 


256 


56 


1 

5 


51 

1 


205 


95 


112 


121 


42 


6 | 


52 


151 


95 


58 


41 


43 


7 


55 


112 


95 


19 


20 


54 


9 


55 


109 


95 


16 


17 


60 


10 


36 

1 


107 


95 


I 14 


15 


66 


11 


57 


105 


95 


12 


15 


72 


15 


1 4 o 

1 


! 104 


95 


11 


11 


78 


1!: 

1 


1 4 i 


105 

j 


! 94 


9 


0 

✓ 


84 


1 

15 

i 

f 


| 1* 


99 


94 

! 


5 

I 


5 

i 

i 

1 



51 . 



TABLE W d 
tfm? t - turf survey 



Run '96 Duration of Run 45*4 sec. Motor M-295 
Fuel FUOH 

Oxidizer 90 ^ TFNA & 10,1 H 2 O 

Mixture Ratio 2.01 Distanoa Aft of Motor l6 ft. 



Pittance 

from 

£ 

of Motor 


Thermo- 

couple 

Number 


Time of 
Reading 
after 
Start 
of Run 


■ - — ■ 1 

Temp. 


Temp, of 
Thermo- 
couple 
before 
Run 


Temp. 

Rise 


Temp. Rise 
Corrected 
for 

Thermo . 
Response 


inches 




Sec. 


°r 


e r 


AT 


AT C 


53 


5 


22 


260 


95 


165 


195 


50 


6 


27 


179 


94 


35 


95 


43 


7 


29 


119 


94 


25 


27 


55 


9 


31 


102 


94 


0 


9 


57 


10 


3 2 


100 


94 


6 


6 


C 2 


ll 


33 


96 


93 


3 


3 


4 7 


13 


37 


94 


91 


0 


3 


72 


14 


30 


94 


91 


3 


3 


77 

1 

< 


15 

i 

1 


59 


93 


91 

1 


2 


2 



TABLE \7TTT a. 
TEMPERATURE SURVEY 



Run ,'99 Duration of Run 4 5 sec.« Motor M-293 
Fuel FUOH 

Oxidizer 90^ WPHA & log K 2 o 

Mixture Rotio 1.224 Distance from 24 s ' 



c 

Distance 

Aft 

of 

Motor 


Thermo- 

couple 

dumber 


Time of j 
Reading 
0 fter 
Start 
of Run 


Temp. 


Temp . of 
Thermo- 
couple 
before 
Run 


Temp. 

Rise 


Temp. Rise 
Corrected 
for 

Thermo . 
Response 


inches 






°r 


*F 


AT” 


ATL 


59 


9 


4 


110 


52 


60 


194 


27 


10 


5 


100 


63 


37 


92 


21 


11 


6 


86 


6l 


25 


54 


15 


15 


8 


04 


64 


20 


56 


9 


14 


9 


84 


66 


18 


31 


5 


15 


10 


82 


66 


16 


26 


51 

i 


5 


32 


240 


62 


278 


299 



TABLE S ZHZ b 
TEMP r RATTJRE STOVES' 



Run rlOO Duration of Run 59*9 sec. Motor M-295 

Puol PDOH 

Oxidizer 90;1 V/FUA & 10/1 H 2 0 

Mixture Ratio 2.73 Distanoe from £ of Motor 36 " 



Distance 

Aft 

of 

Motor 

1 

| 


Thermo- 
couple 
Numb er 


Time of 
Reading 
after 
Start 
of Run 


Temp. 


Temp, of 
Thermo- 
couple 
before 
Run 


Temp. 

Rise 


T emp .Rise 
Corrected 
for 

Thermo. 

Response 


inches 

- 




sec. 


*F 


°F 


A7“ 


AT C 


Cl 


2 


50 


H5 


60 


55 


55 


59 


•"* 


51 


36 


60. 


26 


26 


51 


5 


55 


96 


59 


35 


35 




6 


56 


98 


59 


37 


57 


39 


7 


57 


95 


58 


37 


37 


15 


9 


60 


88 


59 


37 


29 


27 


10 


Uo 


92 


59 


33 


34 


21 


11 


Ui 


91 


59 


32 


33 


53 


13 


uu 


96 


59 


29 


38 


9 


ill 


45 


04 


59 


25 


26 


3 


15 

1 


46 


80 


59 


21 


21 



